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7.1 INTRODUCTION 
Coal fired is one of the most valuable sources that can be used to 
sustain the existence of life. Coal fired can be exploited in producing electricity. 
In Malaysia, there a few power plants that use coal fired as main source. To 
name a few, in Manjung there are coal fired plant produced 3100MW, in 
Tanjung Bin produced 2100MW and Jimah Power produced 1400MW. All these 
power plants located in South East Malaysia that used coal fired as main source. 
There are a lot of instrument specifically sensors and transducers applied in 
power plant. All these sensors and transducers used to monitor every single 
thing such as pressure, temperature, level and many other measurement 
parameters. The sensors and transducers that involved in monitoring the 
measurement parameters are pressure gauge, pressure transmitter, 
thermocouple, flow transmitter, proximity sensor, limit switch, radar, RTD and 
many more. Power plant applied process control system in order to link up the 
instruments and Human Machine Interface (HMI). HMI is a software application 
that presents information to an operator or user about the state of a process, 
and to accept and implement the operators control instructions. Typically 
information is displayed in a graphic format (Graphical User Interface or GUI) 
[1]. In general coal fired power plant or known as thermal power station is a 
power plant in which the prime mover steam driven. Water is heated to 
produce steam which drives the turbine as a result induced an electrical energy. 
Energy conversions involved throughout the cycle are:   
  
 
7.2 OVERVIEW SYSTEM 
 
As shown in Figure 7.1, there are many system involved to produce an 
electrical energy starting from the raw material which is coal. Basically there 
are three major sections of the coal fired power station which are boiler 
section, steam turbine section and electrical generator. Raw material which is 
coal loaded at the coal yard will be transferred to the coal bunkers through 
 transfer tower. Coal bunkers will feed the coal mills to produce pulverised coal. 
Coal will be burned once the burner ignited in the furnace. Steam energy 
produced by the combustion will be filtered by economiser yields dry steam in 
the pipeline. High pressure dry steam will turn the turbine blade hence 
electrical energy induced.  
 
 
Figure 7.1: Overview process of coal fired power plant 
(http://www.teamenergy.ph/img/sual_flow.jpg ) 
 
 
7.2.1 Boiler 
The boiler is essentially composed of: 
 A combustion chamber (or furnace) which is the main part of the boiler 
 The heat exchangers which serve to vaporise the water and superheat 
the steam 
 Economiser which absorbs heat which raises the temperature of the 
feedwater 
 Furnace wall tubes which vaporises the water (convection and radiant 
heat exchange) 
 Superheaters which superheats the steam through the following flue 
gas/steam heat-exchangers: 
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 low temperature superheater (LTS) of platen, convection type 
 intermediate temperature superheater (ITS) of pendant, radiant type 
 high temperature superheater (HTS) of pendant, radiant type 
 Reheater which superheats the HP turbine exhaust steam through the 
following exchangers: 
 low temperature reheater (LTR) of the pendant/vertical loop 
convection type      
 high temperature reheater (HTR) of the pendant/vertical loop, 
convection type 
 Each exchanger is generally composed of a bundle of tubes arranged in 
parallel between an inlet header and an outlet header 
 The water and/or steam flows inside the tubes from inlet to outlet; the 
hot combustion gases passes over the outside of the tubes  
 
 
 
7.2.2 Steam Turbine 
Turbine is a multi-stage impulse model with single shaft line directly 
coupled to the generator. Utilised single reheat cycle and supplies feedwater 
heaters via several extractions (35% Steam Extraction). Figure 7.2 shows the 
steam turbine generator model located in coal fired power station. The turbine 
is arranged for operating under nozzle control (with fixed or sliding boiler 
pressure). The turbine is essentially composed of: 
 One single flow HP cylinder 
 One single flow IP cylinder 
 Two double flow LP cylinder 
Each cylinder is composed of a stationary part called “stator” and rotating part 
called “rotor”. Bled steam extraction piping branch off from the HP, IP and LP 
casings.  
 Condensate LP heaters 1A, 2A, 1B, 2B, 3 and 4 (LP 4 Tapped from IP 
Cylinder Exhaust) 
 Feedwater tank deaerator (Tapped from IP Cylinder) 
 Feedwater HP heater No 6 (Tapped from IP Cylinder) and 8 (Tapped 
from IP Cylinder) 
 (The steam for HP heater No 7 is bled from cold reheat steam) 
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Figure 7.2: Steam turbine generator model  
(TNBJ/Training (OJT & Simulator)/Induction/Jun 2006) 
 
7.2.3 Generator 
The function of generator is to convert the mechanical power 
delivered from the turbine to the rotor coupling into electrical power at the 
main generator terminals, in the form of voltage and current. The generator is 
built to withstand not only normal but also a wide range of abnormal operating 
conditions including e.g. negative sequence loads and sudden short circuits. 
Two pole three phase synchronous turbogenerator. Hydrogen gas acts as a 
cooling of all internal components. While stator winding and its connections 
cooled by cooling water system. Designed based on international standards IEC 
34 (50/60 Hz) and ANSI C50 (60 Hz). Rotor supported on 3 pedestal bearings. 
Access to the generator for inspection and service is provided by five manholes 
on Load maintenance of Carbon brushgear. 
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7.3 PRESSURE GAUGE / BOURDON GAUGE 
 
7.3.1 Theory 
A pressure gauge is a mechanical instrument designed to measure the 
internal pressure and/or vacuum of a vessel or system. Pressure Gauges are 
offered in a variety of styles, sizes, and wetted part materials to meet the 
demands of standard and special applications. 
 
 
Figure 7.3 : Bourdon gauge cross-sectional (http://instrumentationtools.com/ 
wpcontent/uploads/2016/04/instrumentationtools.com_c-bourdon-tube.png) 
 
       Figure 7.3 shows the cross section Figure of bourdon gauge. In bourdon 
gauge there are several main parts which are movement sector, C-shape 
bourdon tube, connecting link, pinion, pinion and pressure inlet. Movement 
sector act as a pointer movement mechanisms. C-shape bourdon tube 
functioned as pressure detector in such a way when pressure get in to the tube, 
the bourdon tube will contract hence will produce analog reading based on the 
travelling angle.  
      The majority of pressure gauges in use have a Bourdon-tube as a measuring 
element. (The gauge is named for its inventor, Eugene Bourdon, a French 
engineer.) The Bourdon tube is a device that senses pressure and converts the 
pressure to displacement. Since the Bourdon-tube displacement is a function of 
the pressure applied, it may be mechanically amplified and indicated by a 
pointer. Thus, the pointer position indirectly indicates pressure. The Bourdon-
tube gauge is available in various tube shapes: curved or C-shaped, helical, and 
spiral. The size, shape, and material of the tube depend on the pressure range 
and the type of gauge desired. Low-pressure Bourdon tubes (pressures up to 
2000 psi) are often made of phosphor bronze. High-pressure Bourdon tubes 
(pressures above 2000 psi) are made of stainless steel or other high-strength 
materials. High-pressure Bourdon tubes tend to have more circular cross 
sections than their lower-range counterparts, which tend to have oval cross 
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sections. The Bourdon tube most commonly used is the C-shaped metal tube 
that is sealed at one end and open at the other [5]. 
 
7.3.2 Application 
In coal fired power plant, there many applications applied bourdon 
pressure gauge as a monitoring measurement devices. One of it is water 
pipeline. In water pipeline system bourdon pressure gauge frequently use to 
monitor the water flow pressure. As shown in Figure 7.4, 400 bar bourdon 
pressure gauge is used in boiler drum system as it is use to monitor water level 
pressure in boiler drum.  
 
 
 
Figure 7.4 : Bourdon Pressure Gauge 
 
7.3.3 Conclusion 
In conclusion, bourdon pressure gauge is commonly used to monitor pressure 
level of fluid. Bourdon pressure gauge constructed in various types of range. 
The range that is used must be suiTable based on the application. The reason 
why pressure gauge is commonly used in power plant is because it is robust 
and rugged. In addition it comes with various range scale and the scale 
provided is large.  
 
7.4 THERMOCOUPLE 
 
A thermocouple is an electrical device consisting of two different 
conductors forming electrical junctions at differing temperatures. 
Thermocouples are a widely used type of temperature sensor. A thermocouple 
produces a temperature-dependent voltage as a result of the thermoelectric 
effect, and this voltage can be interpreted to measure temperature. 
Commercial thermocouples are inexpensive, interchangeable, are 
supplied with standard connectors, and can measure a wide range of 
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temperatures. In contrast to most other methods of temperature 
measurement, thermocouples are self-powered and require no external form 
of excitation. The main limitation with thermocouples is accuracy; system 
errors of less than one degree Celsius (°C) can be difficult to achieve. 
Thermocouples are widely used in science and industry; applications 
include temperature measurement for kilns, gas turbine exhaust, diesel 
engines, and other industrial processes. Thermocouples are also used in homes, 
offices and businesses as the temperature sensors in thermostats, and also as 
flame sensors in safety devices for gas-powered major appliances.  
 
7.5 THEORY 
There are many types of thermocouples, each with its own unique 
characteristics in terms of temperature range, durability, vibration resistance, 
chemical resistance, and application compatibility. Type J, K, T, & E are “Base 
Metal” thermocouples, the most common types of thermocouples. Type R, S, 
and B thermocouples are “Noble Metal” thermocouples, which are used in high 
temperature applications. 
Before discussing the various types of thermocouples, it should be 
noted that a thermocouple is often enclosed in a protective sheath to isolate it 
from the local atmosphere. This protective sheath drastically reduces the 
effects of corrosion. 
 
7.5.1 Comparison Type of Thermocouple 
Table 7.1 describes properties of several different thermocouple types. 
Within the tolerance columns, T represents the temperature of the hot 
junction, in degrees Celsius. For example, a thermocouple with a tolerance of 
±0.0025×T would have a tolerance of ±2.5 °C at 1000 °C. 
 
Table 7.1 : Properties of several different thermocouple types 
Type 
Temperature range (°C) 
Continuous Short term 
Low High Low High 
K (Nickel-Chromium / Nickel-Alumel) 
 
0 +1100 −180 +1300 
J (Iron/Constantan) 0 +750 −180 +800 
N (Nicrosil / Nisil) 0 +1100 −270 +1300 
R (Platinum Rhodium -13% / Platinum) 0 +1600 −50 +1700 
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 Type 
Temperature range (°C) 
Continuous Short term 
Low High Low High 
S (Platinum Rhodium - 10% / Platinum) 0 +1600 −50 +1750 
B (Platinum Rhodium – 30% / Platinum 
Rhodium – 6%) 
+200 +1700 0 +1820 
T (Copper/Constantan) −185 +300 −250 +400 
E (Nickel-Chromium/Constantan 0 +800 −40 +900 
Chromel/AuFe −272 +300 N/A N/A 
 
 
7.6 APPLICATION  -Flue-gas desulfurization (FGD) 
Flue-gas desulfurization (FGD) is a set of technologies used to remove 
sulfur dioxide (SO2) from exhaust flue gases of fossil-fuel power plants, and 
from the emissions of other sulfur oxide emitting processes. 
 
7.6.1 Methods 
As stringent environmental regulations regarding SO2 emissions have 
been enacted in many countries, SO2 is now being removed from flue gases by 
a variety of methods. Below are common methods used: 
 Wet scrubbing using a slurry of alkaline sorbent, usually limestone or 
lime, or seawater to scrub gases; 
 Spray-dry scrubbing using similar sorbent slurries; 
 Wet sulfuric acid process recovering sulfur in the form of commercial 
quality sulfuric acid; 
 SNOX Flue gas desulfurization removes sulfur dioxide, nitrogen oxides 
and particulates from flue gases; 
 Dry sorbent injection systems. 
 For a typical coal-fired power station, flue-gas desulfurization (FGD) 
may remove 95 percent or more of the SO2 in the flue gases 
 
7.6.2 Basic principles 
Most FGD systems employ two stages: one for fly ash removal and the 
other for SO2 removal. Attempts have been made to remove both the fly ash 
and SO2 in one scrubbing vessel. However, these systems experienced severe 
58 Sensor & Instrumentation System Series 2 
  
 
59 
maintenance problems and low removal efficiency. In wet scrubbing systems, 
the flue gas normally passes first through a fly ash removal device, either an 
electrostatic precipitator or a wet scrubber, and then into the SO2-absorber. 
However, in dry injection or spray drying operations, the SO2 is first reacted 
with the sorbent, and then the flue gas passes through a particulate control 
device. 
Another important design consideration associated with wet FGD 
systems is that the flue gas exiting the absorber is saturated with water and still 
contains some SO2. These gases are highly corrosive to any downstream 
equipment such as fans, ducts, and stacks. Two methods that may minimize 
corrosion are: (1) reheating the gases to above their dew point, or (2) using 
materials of construction and designs that allow equipment to withstand the 
corrosive conditions. Both alternatives are expensive. Engineers determine 
which method to use on a site-by-site basis. [8] 
   
7.6.3 Conclusion 
 A thermocouple can produce current to drive some processes directly, 
without the need for extra circuitry and power sources. For example, the 
power from a thermocouple can activate a valve when a temperature 
difference arises. The electrical energy generated by a thermocouple is 
converted from the heat which must be supplied to the hot side to maintain 
the electric potential. A continuous transfer of heat is necessary because the 
current flowing through the thermocouple tends to cause the hot side to cool 
down and the cold side to heat up (the Peltier effect). 
Thermocouples can be connected in series to form a thermopile, 
where all the hot junctions are exposed to a higher temperature and all the 
cold junctions to a lower temperature. The output is the sum of the voltages 
across the individual junctions, giving larger voltage and power output. In 
a radioisotope thermoelectric generator, the radioactive decay of transuranic 
elements as a heat source has been used to power spacecraft on missions too 
far from the Sun to use solar power. 
Thermopiles heated by kerosene lamps were used to run battery less 
radio receivers in isolated areas [10]. There are commercially produced 
lanterns that use the heat from a candle to run several light-emitting diodes, 
and thermoelectrically-powered fans to improve air circulation and heat 
distribution in wood stoves. 
 
7.6 DIFFERENTIAL PRESSURE FLOW METER 
Differential-pressure meters work on the principle of partially 
obstructing the flow in a pipe. This creates a difference in the static pressure 
between the upstream and downstream side of the device. This difference in 
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the static pressure (referred to as the differential loss) is measured and used to 
determine the flowrate as shown in Figure 7.5. 
 
 
Figure 7.5  : Differential Pressure Flowmeter 
 
The most common types of differential pressure meter are: 
 
Orifice plates 
  
Fluid flow is measured through the 
difference in pressure from the 
upstream side to the downstream 
side of a partially obstructed pipe. 
The plate obstructing the flow offers 
a precisely measured obstruction 
that narrows the pipe and forces the 
flowing fluid to constrict. 
Venturi Tube 
 
Fluid flowrate is measured by 
reducing the cross sectional flow 
area in the flow path, generating a 
pressure difference. After the 
constricted area, the fluid is passes 
through a pressure recovery exit 
section, where up to 80% of the 
differential pressure generated at the 
constricted area, is recovered. 
Nozzles 
 
Through a nozzle, the flow velocity 
increase and the pressure and 
density decrease. The maximum 
velocity is achieved at the throat, 
the minimum area. The difference in 
velocity between front nozzle and 
the throat will generate a pressure 
difference. 
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Pitot Tube 
 
Pitot tube measures the fluid flow 
velocity by converting the kinetic 
energy of the flow into potential 
energy. The flow velocity towards 
the front tube will generate pressure 
difference when compared to the 
back tube. The use of the pitot tube 
is restricted to point measuring 
 
Differential-pressure meters are hugely popular and it is estimated 
that at least 40% of industrial flow meters in use at present are differential-
pressure devices, with the orifice plate being the most popular. Differential-
pressure devices have been used to meter a wide variety of different fluids 
from gases to highly viscous liquids. The popularity of differential-pressure flow 
meters is in part due to their simple design and low cost. 
There are a number of general advantages common to most differential-
pressure flow meters. These include: 
•  They are simple to make, containing no moving parts 
•  Their performance is well understood 
•  They are cheap – especially in larger pipes when compared with other 
meters 
•  They can be used in any orientation 
•  They can be used for most gases and liquids 
•  Some types do not require calibration for certain applications 
Differential-pressure flow meters also have some drawback when it comes to 
performance. The main disadvantages to differential-pressure flow meters are: 
•  Range-ability is less than for most other types of flow meter 
•  Significant pressure losses may occur 
•  The output signal is non-linear with flow 
•  The discharge coefficient and accuracy may be affected by pipe layout 
or nature of flow 
•  They may suffer from ageing effects, e.g. the build-up of deposits or 
erosion of sharp edges 
 
7.6.1 THEORY 
 
The concept of using the pressure drop caused by a fluid flowing 
through a restriction in a pipe as a measurement of flowrate dates back to the 
18th Century, when it was discovered by Bernoulli. The basic principle of how a 
differential-pressure flow meter operates is described in the Figure 7.6. 
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Figure 7.6  : Basic principle of how a differential -pressure flow meter operate 
 
The differential pressure principle. Manometer tubes measure the 
difference in static pressure upstream and downstream of the restriction. 
When a fluid flows through a restriction, it accelerates to a higher velocity (i.e. 
V2 > V1) to conserve the mass flow and, as a consequence of this, its static 
pressure drops. This differential pressure (Δp) is then a measure of the flowrate 
through the device. In simple terms for a given size of restriction, the higher 
the Δp, the higher the flowrate. 
The relationship between the differential pressure and flowrate is 
derived from Bernoulli’s equation. Using Bernoulli’s equation, and conservation 
of square mass, it can be shown that the differential pressure generated is 
proportional to the square of the mass flowrate, Qm (kg/s). 
∆𝑝 ∝  𝑄𝑚
2  
 
The diameter ratio or beta (sometimes referred to as the beta ratio) is the ratio 
between the diameter of the orifice or throat of device to that of the pipe as 
shown in Figure 7.7. 
 
 
Figure 7.7 : The ratio 
 
7.6.2 APPLICATION - Condenser 
The function of the condenser is to condense exhaust steam from the 
steam turbine by rejecting the heat of vaporization to the cooling water passing 
through the condense, as shown in Figure 7.8 . The temperature of the 
condensate determines the pressure in the steam or condensate side of the 
condenser. This pressure is called the turbine backpressure and is usually a 
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vacuum. Decreasing the condensate temperature will result in a lowering of the 
turbine backpressure. Within limits, decreasing the turbine backpressure will 
increase the thermal efficiency of the turbine. 
 
 
 
Figure 7.8  : Function of Condenser 
 
The condenser also has the following secondary functions which is to supply 
condensate to the seal water header to provide: 
 Short-term storage of condensate;  
 Low-pressure collection point for condensate drains from other systems 
in the plant; and  
 For de-aeration of the collected condensate at deaerator.  
 
The surface condenser is a shell and tube heat exchanger in which cooling 
water is circulated through the tubes. The exhaust steam from the low pressure 
turbine enters the shell where it is cooled and converted to condensate (water) 
by flowing over the tubes. Such condensers use steam ejectors or rotary motor-
driven exhausters for continuous removal of air and gases from the steam side 
to maintain vacuum while using water as the cooling system for temperature 
control variable. 
Differential pressure flowmeter measurements are used to monitor 
fluid density either water or gases. Density changes in liquid are usually small 
because of their non-compressible nature and because process temperature 
has a relatively small effect on water density. However, in condenser system 
temperature are relatively high which both temperature and pressure can 
affect density and significantly degrade the quality of the flow measurement. 
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Notwithstanding the above, note that changes in fluid composition can affect 
the density of the fluid. 
As to increase the condenser system efficiency, flow computers are 
used to compensate for density and other operating parameters in this 
applications where degradation of the flow measurement produces 
unaccepTable flow measurement performance. A flow computer are 
implemented as a separate hardware device that calculates the compensated 
flow measurement from various field differential pressure flow instruments. 
These calculations are performed in the process control room. In addition to 
measuring flow, some multivariable differential pressure flow transmitters also 
used to perform these calculations internally. Multivariable flowmeters, such as 
multivariable differential pressure flow transmitters and other multivariable 
flowmeter technologies are used to evaluate the relative performance of the 
different technologies. 
Differential pressure flow transmitters generate an electrical signal 
that represents the differential pressure at its ports. The importance is how 
well the differential pressure flow transmitter performs this function. Because 
performance is the prime concern in most applications, the technology used to 
effect the measurement is typically a secondary or tertiary matter. 
 
7.6.3 Conclusion 
For best efficiency, the temperature in the condenser must be kept as low as 
practical in order to achieve the lowest possible pressure in the condensing 
steam. Since the condenser temperature can almost always be kept 
significantly below 100 degree Celsius where the vapor pressure of water is 
much less than atmospheric pressure, the condenser generally works under 
vacuum. Thus leaks of non-condensable air into the closed loop must be 
prevented. Plants operating in hot climates may have to reduce output if their 
source of condenser cooling water becomes warmer. Thus the Three Element 
Control as a specialized system used to control the fluid for a power plant. Fluid 
control is the regulation of water to the system of a condenser unit. The proper 
operation of the power plant requires that the level of the water within the 
condenser unit must be maintained within certain limits. An excessively low 
water uncovers surface condenser and the system will overheated. On the 
other hand, an excessively high water interferes with the condenser system will 
not producing steam separating equipment located within the steam drum. 
This can cause the water to be carried over with the steam, resulting in damage 
to the plant equipment. As temperature is the most critical physical quantity to 
control in condenser system, the temperature control variable is important as it 
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is. Thus, the water and gases flowing system must be design to have precise 
and consistent control over the temperature.   
 
7.7 RESISTANCE TEMPERATURE DETECTORS (RTDs) 
 
 Resistance thermometers, also called resistance temperature 
detectors (RTDs), are sensors used to measure temperature by correlating the 
resistance of the RTD element with temperature. Most RTD elements consist of 
a length of fine coiled wire wrapped around a ceramic or glass core. The 
element is usually quite fragile, so it is often placed inside a sheathed probe to 
protect it. The RTD element is made from a pure material, typically platinum, 
nickel or copper, as shown in Figure 7.9. The material has a predicTable change 
in resistance as the temperature changes and it is this predicTable change that 
is used to determine temperature. 
 
Figure 7.9  : Resistance Temperature Detector (RTD) 
 
Most RTD elements consist of a length of fine coiled wire wrapped 
around a ceramic or glass core. The element is usually quite fragile, so it is 
often placed inside a sheathed probe to protect it. The RTD element is made 
from a pure material whose resistance at various temperatures has been 
documented. The material has a predicTable change in resistance as the 
temperature changes; it is this predicTable change that is used to determine 
temperature. 
 
7.7.1 Theory 
 
7.7.2 Operations of RTD 
An RTD takes a measurement when a small DC current is supplied to 
the sensor. The current experiences the impedance of the resistor, and a 
voltage drop is experienced over the resistor. Depending on the nominal 
resistance of the RTD, different supply currents can be used. To reduce self-
heating on the sensor the supply current should be kept low. In general, around 
1mA or less of current is used. RTDs are characterized by a linear positive 
change in resistance with respect to temperature. They exhibit the most linear 
signal with respect to temperature of any electronic sensing device. There are 
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two common constructions for RTD elements. Wire-wound devices are 
manufactured by winding a small diameter of wire into a coil on a suiTable 
winding bobbin. A number of methods have been used to protect the wire 
element from shock and vibration. One common technique is to use a ceramic 
bobbin with a glass or epoxy seal over the coil and welded connections. An 
alternative to the wire-wound RTD is the thin-film element. It consists of a very 
thin layer of the base metal, which is deposited onto a ceramic substrate and 
then laser trimmed to the desired resistance value. Thin-film elements can 
attain higher resistances with less metal and, thus tend to be less costly than 
the equivalent wire-wound element. Most RTD elements are too fragile to be 
used in their raw form. They’re typically connected to extension lead wires and 
housed in a protective sheath. The housing immobilizes the element while 
protecting it from mechanical strain and environmental conditions. 
 
7.7.3 RTD Configuration 
An RTD can be connected in a two, three, or four-wire configuration. 
The two-wire configuration is the simplest and also the most error prone, as 
shown in Figure 7.10. In this setup, the RTD is connected by two wires to a 
Wheatstone bridge circuit and the output voltage is measured. The 
disadvantage of this circuit is that the two connecting lead wire resistances add 
directly two the RTD’s resistance and an error is incurred. 
 
Figure 7.10 : 2-Wire Configuration 
 
In order to minimize the effects of the lead resistances, a three-wire 
configuration can be used. Using this method the two leads to the sensor are 
on adjoining arms. There is a lead resistance in each arm of the bridge so that 
the resistance is cancelled out, so long as the two lead resistances are 
accurately the same. 
In a three-wire circuit, Figure 7.11,  two constant current sources are 
used, in order to compensate for the disadvantages described above for the 
two-wire circuits. Similar to the two-wire circuit the current source is used to 
measure the temperature dependent resistance including the lead and 
terminal contact resistances. The additional current source together with a 
third lead is used to separately compensate the lead and terminal contact 
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resistances. Assuming the exact same lead and terminal contact resistances for 
all three leads, the effect on the accuracy of the temperature measurements 
can be eliminated. But practice has shown that it is not always possible to 
assure that the terminal contact resistances are always identical. 
 
Figure 7.11 : 3-Wire Configuration 
 
The four-wire configuration, Figure 7.12 consists of two current leads 
and two potential leads that measure the voltage drop across the RTD. The two 
potential leads are high resistance to negate the effect of the voltage drop due 
to current flowing during the measurement. This configuration is ideal for 
canceling the lead wire resistances in the circuit as well as eliminating the 
effects of different lead resistances, which was a possible problem with the 
three-wire configuration. The four-wire configuration is commonly used when a 
highly accurate measurement is required for the application. 
 
Figure 7.12 : 4-Wire Configuration 
 
In combination with the wiring diagrams shown, a more complex 
circuit is often employed. There are many different options for circuits when 
working with an RTD. The two most important features of this circuit are 
current generation and signal conditioning. For purposes of linearity, it is 
important that the current generation circuit supplies a sTable excitation to the 
RTD. Once a sTable excitation current is applied to the RTD, the signal 
conditioning path of the circuit cancels lead resistances, gains the signal and 
converts the signal to digital using an ADC, which can then be read by a 
controller. 
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 7.7.4 RTD Types 
RTD types are broadly classified according to the different sensing 
elements used. Platinum, Nickel and Copper are the most commonly used 
sensing elements.  Platinum is considered the best as it has the widest 
temperature range. This is shown in the resistance versus temperature graph in 
Figure 7.13. Platinum type RTD is also known for its best interchange ability 
than copper and nickel. It also has the highest time stability. PRT’s can also be 
used in unsuiTable environments where it can reduce atmospheric metallic 
vapours and also catalizable vapours if the element is bare.  It can also be used 
in radioactive environments. In industrial applications, a PRT is known to 
measure temperatures as high as 1500 degree Fahrenheit while copper and 
Nickel can measure only to a maximum of 400 degree Fahrenheit. 
 
 
Figure 7.13 : Resistance versus temperature graph 
 
7.7.5 APPLICATION : Boiler Feedwater System 
 
Boiler feedwater is an essential part of boiler operations. The feed 
water is put in to the steam drum from a feed pump. In the steam drum the 
feed water is then turned into steam from the heat. After the steam is used it is 
then dumped to the main condenser. From the condenser it is then pumped to 
the deaerated feed tank. From this tank it then goes back to the steam drum to 
complete its cycle as shown in Figure 7.14. The feed water is never open to the 
atmosphere. This cycle is known as a closed system. 
During the early development of boilers, water treatment was not so 
much of an issue, as temperatures and pressures were so low that high 
amounts of scale and rust would not form to such a high amount, especially if 
the boiler was cleaned. It was general practice though, to install zinc plates and 
alkaline chemicals to reduce corrosion within the boiler. Many tests had been 
performed to try and determine the cause and possible protection from 
corrosion in boilers using distilled water, various chemicals, and sacrificial 
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metals. Silver nitrate can be added to feedwater samples in order to detect 
contamination by seawater. In modern boilers though, treatment of boiler 
feedwater is extremely critical, as many problems can result from the use of 
untreated water in extreme pressure and temperature environments; this 
includes lower efficiency in terms of heat transfer, overheating, damage, and 
high costs of cleaning. 
Water absorbs more heat than any other substance at a given 
temperature change. This quality makes it an ideal raw material for boiler 
operations. Boilers are part of a closed system as compared to open systems in 
a gas turbine. The closed system that is used is the Rankine cycle. This means 
that the water is recirculated throughout the system and is never in contact 
with the atmosphere. The water is reused and needs to be treated to continue 
efficient operations. Boiler water must be treated in order to be proficient in 
producing steam. Boiler water is treated to prevent scaling, corrosion, foaming, 
and priming. Chemicals are put in to boiler water through the chemical feed 
tank to keep the water within chemical range. These chemicals are mostly 
oxygen scavengers and phosphates. The boiler water also has frequent 
blowdowns in order to keep the chloride content down. The boiler operations 
also include bottom blows in order to get rid of solids. 
 
 
Figure 7.14 : Boiler Feedwater System 
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In larger utility boilers, if superheated steam (low vapor saturation) is 
to be generated, the steam through the drum is passed through super- heater 
tubes, which are also exposed to combustion gases. Boiler drum pressures can 
reach 2800 psi with temperatures over 680 degrees F. Small to intermediate 
size boilers can reach drum pressures between 800 and 900 psi at 
temperatures of only 520 degrees F if superheated steam is desired. Between 1 
and 3% of the gross work produced by a boiler is used to pump feedwater. One 
method of improving overall efficiency is by controlling feedwater pump 
system.  
One of the element in controlling the boiler feedwater pump is using 
resistance temperature detectors as the monitoring and control element. 
Although some specialty temperature measurements involve infrared sensors, 
the vast majority of measurements in a power plant are made with resistance 
temperature detectors (RTDs). This electrical sensors produce a mV signal in 
response to temperature changes. A modern RTDs can be set up with triple 
redundancy for maximum reliability on critical processes, such as this steam 
header. 
RTDs are commonly used in applications where accuracy and 
repeatability are important. RTDs have excellent accuracy of about 0.1ºC and a 
sTable output for a long period of time, but a limited temperature range. The 
maximum temperature for an RTD is about 800ºF. RTDs are also expensive. An 
RTD in the same physical configuration as a thermocouple will typically be 
about five times more expensive. RTDs are also more sensitive to vibration and 
shock than a thermocouple. Common instrumentation wire is used to couple 
an RTD to the measurement and control equipment, making them economical 
to install. 
 
7.8 Conclusion 
Temperature is one of the most widely measured parameters in a 
power plant. No matter the type of plant, accurate and reliable temperature 
measurement is essential for operational excellence. Incorrect measurement 
because of electrical effects, nonlinearity or instability can result in damage to 
major equipment. Using advanced diagnostics and modern temperature 
instrumentation can inform a plant's maintenance department that a problem 
exists, where it is and what to do about it long before anyone in operations 
even suspects that an issue exists. Advanced instrumentation is greatly 
improving temperature measurement in the power industry. The benefits of 
using smart transmitters instead of direct wiring includes installation cost 
savings, reduced downtime and proactive maintenance through the use of 
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advanced diagnostics. When a power plant has to be shut down because of a 
failed sensor, the cost could run into the millions of dollars. Smart transmitters 
can tell a plant that a problem exists, where it is and how to fix failures before 
they occur. 
 
7.9 RADAR SENSOR 
 
7.9.1 Introduction  
Radar sensors use Frequency Modulated Continuous Wave (FMCW) 
radar to reliably detect moving or stationary targets, including cars, trains, 
trucks and cargo in extreme weather conditions. 
One of the technologies that law enforcement agencies can use to 
measure the speed of a moving vehicle uses doppler radar to beam a radio 
wave at the vehicle, and then infer the vehicle's speed by measuring 
the Doppler effect-moderated change in the reflected wave's frequency. Radar 
guns can be hand-held, vehicle mounted or mounted on a fixed object, such as 
a traffic signal. 
Radar detectors as shown in Figure 7.15 use a superheterodyne 
receiver to detect these electromagnetic emissions from the radar gun, and 
raise an alarm to notify the motorist when a transmission is detected. False 
alarms can occur however due to the large number of devices, such as 
automatic door openers (such as the ones at supermarkets) and adaptive 
automotive cruise control that operate in the same part of the electromagnetic 
spectrum as radar guns. 
In recent years some radar detectors have added GPS technology. This 
allows users to manually store the locations where police frequently monitor 
traffic, with the detector sounding an alarm when approaching that location in 
the future (this is accomplished by pushing a button and doesn't require 
coordinates to be entered). These detectors also allow users to manually store 
the coordinates of sites of frequent false alarms, which the GPS enabled 
detector will then ignore. Some GPS enabled detectors can download the GPS 
coordinates of speed monitoring cameras and redlight cameras from the 
Internet, which are contained in the TRINITY database. An interstate traveller 
could receive an alarm when approaching the location of a speed monitoring 
camera. 
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Figure 7.15 : Radar Detector 
 
7.9.2 Theory  
Hard coal and brown coal are the main energy sources for a coal-fired 
power plant. Delivered by ship or train, the coal is unloaded into bunkers up to 
30 m high. The coal is transported to these bunkers from stockpiles at the power 
plant via conveyer belt systems either over ground or underground. Additional 
conveyor belts feed pulverizations units where the coal is converted into a fine 
dust for subsequent combustion in the boiler firebox. 
Reliable level measurements are necessary to guarantee uninterrupted 
feeding of the firebox and prevent overfilling in the bunkers.A simple solution 
for this application is setup of a radar sensor at the top of the bunker for no-
contact level measurement due to dust and a 2-wire capacitive measurement 
sensor to prevent overfilling. Since this application is critical, extra alarms are 
required. Using the PR 4116 universal transmitter combined with the PR 4501 
display / programming front, alarms can be activated in case of overfilling and 
the latching relay function will stop the feeding belt if an overfill condition is 
detected. 
The  usage of coal silos is to store coal, the primary fuel for firing the 
kiln and the preheater in a cement plant. Coal Silos are usually constructed of 
steel, but concrete is also used. silos are circular, square, or rectanglar in cross 
section and generally designed for a three- or four-day capacity. The hoppers 
should be designed for mass flow to eliminate static coal deposits. The bin outlet 
should be large enough to prevent arching or plugging. All bins should be self-
cleaning, and internal surfaces should be kept free of stiffeners, weld strips, or 
flange surfaces. For explosion venting design, many factors must be considered. 
The National Fire Protection Association (NFPA) Guide for Explosion 
Venting  should be used in evaluating each installation. Explosion venting 
provides relief for explosion force build-up inside the bin and limits the damage 
should an explosion ever occur. 
 
7.9.3 APPLICATION (Coal Bunker) 
Hard coal and brown coal are the main energy carriers in coal-fired 
power plants (Figure 7.16).. Delivered by ship or by train, the coal is unloaded 
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into bunkers up to 30 m high. The coal is transported from these bunkers to the 
stockpiles of the power plant via overground or underground conveyor belt 
systems. Additional conveyor belts feed, often via intermediate bunkers, 
pulverizer mills where the coal is converted into a fine dust for subsequent 
combustion in the furnace. Reliable level measurement guarantees uninterrupted 
feeding of the furnaces and point level sensors prevent overfilling in the 
bunkers.  
 
Figure 7.16 :  Application of radar sensor in coal bunker 
 
 Level monitoring inside a coal bunker is the most challenging of level 
applications. The occasional fires inside the silo cause most transmitter 
electronics to fail. Western coal is more friable than eastern coal. It fractures 
more easily in handling, conveying, and stockpiling and produces a higher 
percentage of fines which contribute to the dust accumulation. Dust 
accumulations increase the risk of fire and explosion. However, western coals 
have a higher moisture content, but they tend to dehydrate which causes fissures 
and subsequent degradation of lump size. Also, western coal has a higher 
tendency for spontaneous combustion. Volatile gases resulting from thermal 
decomposition when the coal is heated can cause a serious explosion in a 
confined area such as a silo or surge bin. 
 
 
Figure 7.17 : TIPL LevelExpert LTR58 Pulse Radar Level transmitter 
 
Coal Fired Power Plant Instrument
 The TIPL LevelExpert LTR58 Pulse Radar Level transmitter is 
designed specially to prevent damage to the electronics under low to medium 
level explosions in the coal silo (Figure 7.17). The special process seals and high 
temperature electronics are tested to operate under temperatures up to 400°C. 
Mounted over the silo, the high directivity Radar sensor continuously measures 
coal level and transmits either as 4-20 mA analog signal or via HART to a 
communicator device. The  Level Expert transmitter is available with 
both  Intrinsically Safe (Exia IIC T6 Ga) and Intrinsically Safe+Flameproof 
Approval (Exdia [ia Ga] IIC T6 Gb) certifications  for minimising the risk of 
explosions due to electronics. 
 
Self-Ignition Risk (Coal) Characterstics Temperature (°C) 
Very High ≤ 250 
High 250-299 
Medium 300-349 
Low ≥350 
 
7.9.4 Conclusion 
 A coal-fired power plant typically has silos, bunkers or stockpiles in 
which the fuel is placed for storage purposes. Real-time feedback sensors are 
utilized to sense the coal height so data can be sent to downstream systems for 
further processing. These systems are required to accurately sense the height 
of coal within the bunker or stockpile. The range information is then fed in a 
real-time fashion to a control system. Inaccurate measurements can result in 
severe environment and safety consequences. The coal-fired power plant 
application is especially daunting due to the particularly harsh operating 
conditions and reliability requirements. There are many types of ranging 
sensors available in the marketplace. The performance of ultrasonic, radar, and 
laser rangefinder sensors was investigated to determine the height of coal 
stockpiles in various sites in a coal-fired power plant. A system to control the 
spacing of a telescoping coal-delivery chute above its coal pile was designed 
(using laser rangefinder), implemented, and tested. A detailed analysis of each 
sensor modality is provided, along with some conclusions regarding their 
performance. These systems are currently operational at a plant located in 
northeast Texas. The ultrasonic and radar sensors were part of legacy systems 
and the new laser sensor was integrated as a part of this study. The feedback 
signals from each sensor were compared to measured data. The 
implementation of the laser rangefinders proved to be slightly more accurate 
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than the other legacy systems. However, the laser rangefinder systems have 
some drawbacks that have been listed. 
 
7.10 CONCLUSION 
 
 Instrumentation is an integral part of a coal-fired power station. A 
modern system plays a major role in the profiTable operation of a plant by 
achieving maximum availability, reliability, flexibility, maintainability and 
efficiency. These systems can also assist in maintaining emissions compliance. 
The chain begins with sensors that detect measured values. Controllers receive 
these values, upon which a control strategy is activated. The response, where 
and when required, moves in final actuating control elements to modify the 
affect process. This loop repeats over and over during plant operation through 
a complex and multi-level communications schemes. Some advance field 
devices, including sensors and actuators, continued to be developed in order to 
simplify and improve the whole system process. In power plants, process 
sensors and instruments frequently work in very aggressive environments and 
manually check of all the sensor connections is virtually impossible. Some 
common problems that might take several days for a maintenance technician 
to find, diagnose and repair. For example, it may be very difficult to diagnose if 
a temperature loop is suffering from ground loops, noise, bad connections, 
cable breakage or many other problems. The mechanical, thermal and 
electrical pressures in power plants are in many cases, enormous. This stress on 
sensors can quite often lead to damage such as cable/sensor breakages or 
sensor short circuits, the natural result of which is failure of the measurement 
point. When a power plant has to be shut down because of some failed sensor, 
the cost could run into the millions of dollars per hour. That million dollars 
significantly illustrate the importance of instrumentation in coal-fires power 
plant. 
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